At first sight, personalized medicine and large randomized clinical trials (RCTs) seem to reflect opposite approaches to medicine: one focusing on the single individual, the other on the population of individuals. Accordingly, in critically ill patients, does the "best" therapy depend on the unique characteristics of the patient or does it derive from the outcome analysis of a large population in which a given therapy has been tested? Actually, we believe that comparing personalized medicine and large RCTs is like comparing apples and oranges. Indeed, which are the essences of personalized medicine and which those of the RCTs?
As defined in the Oxford Dictionary of English [1] , personalized medicine is "a type of medical care in which treatment is customized for an individual patient". In this sense, we are simply referring to the basic normal medical practice since Hippocrates: we cure a patient, not a population. Within this general statement, a first step to better treat an individual patient (personalization) was (and is) to tailor the treatment according to challenge tests, such as steroid administration after a corticotropin test in septic patients [2] or volume replacement after a fluid challenge [3] or the positive end-expiratory pressure (PEEP) setting after a recruitability assessment [4] . A further step towards the personalized medicine could be the definition of patient clusters or subgroups which better reflect pathophysiological differences and treatment options [5] . The ideal final step should be to customize the medical treatment according to the individual molecular/genetic setup ("precision medicine"). Therefore, in general, "personalized" medicine attempts to better define the patients' characteristics through progressively smaller subgroups, down to the level of the individual genome. Ideally, at the asymptote of this process, each patient will receive a therapy unique to him, with maximal efficacy and minimal side effects. In other words, with the ultimate personalized medicine, the problems due to population heterogeneity will not exist anymore.
The large RCTs are instead not a particular approach to medicine but are just experiments. Mostly, they are designed to find whether a given treatment provides benefits compared to another one. To fully understand the essence of these experiments, however, a few considerations are needed. First, a solid background, derived from experience, observations and physiology, is necessary. From this background, a hypothesis is generated. The RCT is the experiment designed to prove (or disprove) the hypothesis. If the hypothesis is confirmed, the theory is valid; if it is rejected, the theory is wrong. Therefore, the essence of the RCTs is to provide "unquestionable" evidence that a given theory is valid. This occurs if the theory generates a treatment hypothesis which is proved beneficial.
If these are the essences of the personalized medicine and of the RCTs, it is quite clear that, in theory, they are complementary and equally necessary, as summarized in Fig. 1 . As shown, the progressive increase in "personalization" allows the defining of more specific groups and subgroups of patients for whom a given treatment, finally, is proved to be beneficial. The asymptote of this process will be-in an ideal world-a degree of personalization so high as to concern a single individual with a therapy unique to him. All this in theory; but what happens in our real life? Most of the treatments tested through RCTs have been performed in a general population of critically ill patients, presenting not with the disease but with a syndrome. The two main paradigms are sepsis and the acute respiratory distress syndrome (ARDS). The theory behind most of the RCTs applied to septic populations is that the sepsis syndrome is caused by a disproportionate/dysregulated inflammatory response of the host. This theory generated the hypothesis that the control of the inflammatory reaction may be of benefit. Accordingly, hundreds of anti-inflammatory treatments (corticosteroids, cytokine antagonists, receptor inhibitors, statins, etc.) have been tested in the last 30 years. All the trials were negative, disproving the hypothesis. The obvious conclusion is that the theory of disproportionate inflammatory response, if applied to the total septic population, is wrong.
Observations, experience and physiological background have told us that an imbalance between oxygen supply and consumption could lead, with time, to multi-organ dysfunction/failure. The hypothesis generated from this theory is that a proper and early correction of the imbalance, indicated by a normalization of the mixed venous saturation, should be of benefit. Actually, the hypothesis was proved right in patients in whom the imbalance was present [6] . However, when applied in RCTs on total septic populations, where the imbalance was not present in most of the patients, no benefit could be demonstrated [7] [8] [9] . Unfortunately, in most of the studies carried out in critically ill patients, the degree of personalization was "none" [10] . Further steps are necessary.
The bases of some degree of personalization in critically ill patients are undoubtedly already present. This is particularly true, referring to Fig. 1 , for a degree of personalization defined by the response to a challenge test. As an example, there have been several suggestions that the value of PEEP during ARDS should be tailored according to the severity of the syndrome. Most of the "challenge" studies were physiological and identified subgroups of Fig. 1 Increasing the degree of personalization (none, challenge test, cluster definition, genome analysis) allows the progressive decreasing of the heterogeneity of the sample. Accordingly, the chance of success in testing a given treatment in a selected population increases. At present, most of the trials are conducted at a degree of personalization equal to "none". The asymptote of the process of personalized medicine (precision medicine) will ideally be a unique therapy for a single patient, through genome analysis patients for which a given treatment could be of benefit. Unfortunately, even this first step of the personalization did not translate into RCTs.
Genome-wide association studies (GWAS), in general, try to find the association between outcome (or other phenomena, such as response to drugs) and specific variants at the genomic level. If associations are found, it is possible either to better personalize the treatment or to identify potential novel targets for therapy, prevention or development of biomarkers for risk stratification. While the GWAS approach is increasingly used in oncology [11, 12] , in critical care it is still in its infancy and primarily confined to sepsis research. In sepsis due to pneumonia, Rautanen and colleagues identified a strong association between common variants in the FER gene and reduced risk of death [13] . Christaki and Giamarellos-Bourboulis recently reviewed the issue, concluding that a more personalized approach based on genomics will be possible in the next decade [14] . Similar conclusions were reached by Pinheiro da Silva and Cerquiera César Machado, discussing the actual status of personalized medicine for sepsis [15] .
In conclusion, both personalized medicine and RCTs are, in theory, beautiful instruments for increasing our knowledge. As for which instrument, however, the results will depend on how they are used and integrated. At present, there is a very large space for improvement in the personalization of treatment, even without genomics, as the basis for a more meaningful use of RCTs.
